Background
a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
The world population is aging rapidly [1] [2] [3] and this is associated with an increasing occurrence of chronic diseases [4] . Older people tend to have more than one chronic condition, now known as multimorbidity [4] [5] [6] [7] . Multimorbidity leads to poor quality of life, frequent hospitalization [4, 8] , increased hospital visits [9] , increased health care expenditure [4] , higher stress, and worse health outcomes [10] , including higher mortality [6] . Globally, the prevalence of multimorbidity among older people has been reported to range from 13% to 98% [4, 8, [11] [12] [13] [14] [15] [16] . There is an increasing trend of multimorbidity in low-and middle-income countries (LMICs), due to epidemiological and demographic transitions, leading to changes in disease burden [17, 18] and an increase in high risk behaviours such as lack of physical exercise and smoking [11, 17] .
The pattern of morbidity in developing countries is gradually becoming similar to developed countries [11] . The common morbidities among older people are hypertension, arthritis, diabetes mellitus, stroke, angina, cataract, cardiovascular disease, chronic lung disease, musculoskeletal disorder, ocular problems, urinary problems and sleeping problems. These conditions are frequent in both developed and developing countries, including Myanmar, neighbouring countries and other LMICs [5, 7, 8, [11] [12] [13] [14] [18] [19] [20] [21] [22] .
Knowing the patterns of multimorbidity in a specific community is crucial for management of people with multimorbidity [23] but the majority of evidence about multimorbidity in older people comes from high-income countries, with limited information from LMICs, including Myanmar [4, 11, 23, 24] . The current policy and practice of health care for older people in Myanmar is mainly focused on management of individual diseases leading to inefficient and ineffective health care [21] .
In previous research in LMICs in Asia, multimorbidity has been found to be associated with increasing age, being female [8, 9, 12, 13] , higher socio-economic status [9] , higher education [12] , unemployment, low income, and being an ex-drinker [5] . The most comprehensive study of health of older people is the World Health Organization (WHO) Study on global AGEing and adult health (SAGE), which was conducted in six LMICs: China, Ghana, India, Mexico, Russia and South Africa. SAGE found that multimorbidity was associated with increasing age, being female, and lower education level (except in China) and, in India, being separated/divorced/widowed [11] . A survey of people aged 18 and above in four Greater Mekong countries (Cambodia, Myanmar, Thailand, and Vietnam) found that multimorbidity was associated with older age, being male, lower education, and lower quality of life [16] .
In Myanmar, the estimated total population was 51.4 million in the 2015 census [25] and about 9.1% were aged 60 and above [2, 21, 25] . The proportion of older people in Myanmar is projected to rise to 21.4% by 2050 [21, 26] . An increase in the older population is an emerging challenge for developing countries like Myanmar because of low awareness of the health problems of older people and limited health care services and social protection schemes for older people [1, 3, 21, 27, 28] . Furthermore, the traditional care pattern by children and relatives is now being challenged by a declining birth rate, urbanization and migration [2, 21, 28] .
Another challenge is that the majority of the population lives in rural areas with limited access to care [2, 21] . This restricted access to healthcare is likely to lead to under-ascertainment and, hence, under-treatment of multimorbidity [4, 8, 29] .
There have been previous studies in Myanmar of the health of older people [20, 27, 28, 30, 31] , but to the best of our knowledge, there have been no previous studies of multimorbidity among older people. Therefore, this study aimed to describe the magnitude of multimorbidity and its risk factors, patterns of coexistence of diseases and health seeking behaviours among people aged 60 years and over in two areas of Myanmar (Bago Region and Mon State). Selecting these two areas was partly due to administrative and security concerns for data collectors (who were medical students). These two areas are representative of Myanmar in terms of socio-demographic characteristics and the combined older populations of Bago Region and Mon State represent 13.7% of older population in Myanmar [25] .
Methods

Study design and setting
A community-based cross-sectional study was conducted during October, 2016, by 4 th year medical students of the University of Medicine, Mandalay in randomly selected townships in Bago Region and Mon State [25] . There are 15 states and regions in Myanmar and there were four medical universities when this study was done. A three-week residential field training program is required of all medical students, where they are assigned to particular townships for experience of medical and public health practice. For administrative and security reasons, we purposely excluded the states and regions that are hard to reach and have social instability, leaving six regions and three states which represent 84% of the population of Myanmar, from which we selected our study areas. Bago Region and Mon State were selected because they are representativeness of Myanmar's socio-demographic characteristics. For example, the proportion of people aged 60 and over is 6.2% for Myanmar overall and 6.8% for the selected study areas; the rural:urban distribution is 70:30 for Myanmar overall and 74:26 for the study areas; and the old age dependency ratio is 8.8 in Myanmar overall and 9.8 in the study areas [25] . The study protocol was approved by the Ethical Review Committee of University of Medicine, Mandalay, Myanmar.
Study sample and sampling procedure
Older people aged 60 years and above who had resided in the study areas for at least one year were included. There are 27 townships in Bago Region and 19 townships in Mon State and each township is composed of both urban wards and rural villages. The number of townships selected from each of the two areas reflected the proportion of older population in the combined population: 70.3% (438,063) in Bago Region and 29.7% (184,895) in Mon State [25] . A multistage sampling technique was used to select study subjects. Firstly, nineteen townships from Bago Region and eight townships from Mon State were selected by simple random sampling as the primary sampling units. All the townships selected from Bago Region and Mon State are similar in their socio-demographic characteristics such as the proportion of older people, the proportion of urban and rural residences, sex composition and social context [25] . For administrative reasons related to students' (our data collectors) curriculum requirements, we selected three wards and three villages from each township. The secondary sampling units were three randomly selected wards in urban areas and three randomly selected villages in rural areas, giving a total of 81 wards and 81 villages. Finally, eligible people aged 60 and above were recruited from randomly selected households, the tertiary sampling unit. If there was more than one eligible participant in the selected household, one older person was selected to participate by a lottery method. If the eligible participant refused to take part in the interview after explanation of the study, the data collector noted this as a non-response. If the eligible older person was absent during the first data collection visit, the interviewer arranged to return at another time to do the interview. The participation rate was 99.9% of 4860 eligible participants.
Data collection
After obtaining verbal informed consent, participants were interviewed face-to-face by trained 4 th year medical students using a semi-structured paper questionnaire. The questionnaire was developed in local language in which 14 chronic diseases or illnesses were included, based on government reports and findings from previous research in Myanmar and neighbouring countries [8, 12, 14, 16, 18, 20, 21, 32] . See supplementary document for more information (S1 File). The questionnaire was pretested and then modified in order to improve comprehension. Participants were asked about the occurrence of chronic diseases in the last 12 months: "During the last year, did you have any chronic condition or disease told to you by a doctor or other health persons such as nurse, health assistant, lady health visitor, or midwife?" If the older people responded "yes", then the data collector asked "What is/are the chronic condition (s) or disease(s)?", and they read out 14 listed chronic diseases: high blood pressure, coronary heart disease or heart attack, heart failure, irregular heart-beat, chronic bronchitis or chronic obstructive airway disease (COAD), asthma; stroke, diabetes, arthritis or rheumatoid arthritis, osteoporosis, glaucoma, cataract, depression, and emotional or mental illness. Participants could also report other diseases not included in the list. Participants were also asked about their health seeking behaviours when they were unwell: the usual place of seeking health care, the usual health care providers and the usual care givers. Socio-demographic characteristics of participants were collected, including age, sex, ethnicity, marital status, types of family or composition of the family, level of education, types of occupation and monthly family income. Information on smoking, alcohol drinking and betel chewing was collected and these behaviours were grouped into current, never and ex-users. An older person who had ever smoked, drunk alcohol or chewed betel quid but had quit for at least 3 months was categorised as an ex-user.
General health status was recorded by participants rating their health as good, fair or poor. Eyesight and hearing status were recorded as good, fair, poor and completely blind or deaf. Self-assessed life satisfaction was recorded as satisfactory, fair and unsatisfactory. Further questions were asked about relationships with other family members, ability to do daily activities and involvement in social activities.
Quality control of the data was considered during data collection, entry and analysis phases. One day training on data collection was given to all medical students, including: introductory greetings and asking for verbal informed consent; non-directed prompting in asking questions; and checking the completeness and consistency of the data on the day of data collection. Data were collected by pairs of students, who both signed off on completed questionnaires.
Data management and analysis
Data entry using Epidata software was done by the students themselves after returning back from their three-week community placement. Data were exported to Stata version 13 (Stata Corp, College Station, TX) for analysis. Data cleaning was conducted by the researchers together with the students. If there were unusual or missing data, cross-checking with the original paper questionnaire was done.
The primary outcome variable, number of chronic conditions, was categorized into no condition, one condition and two or more chronic conditions (multimorbidity). Sampling weights and the complex sampling design were taken into account during data analysis. Probability weights were calculated as the inverse of the sampling fraction for each stage (using the formula N/n, where N = the number of elements in the population and n = the number of elements in the sample). The probability weight for the whole data set was calculated by multiplication of the inverse of the sampling fraction for the first, second and third stages. We adjusted for the complex sampling design using "svyset" and performed data analysis applying the survey prefix command "svy" in Stata.
Socio-demographic and personal characteristics, self-assessed general health status, morbidity patterns, family support and life satisfaction are presented according to residence (urban or rural). Univariate and multinomial logistic regression models were used to identify factors associated with multimorbidity. Multinomial regression was used as the outcome had three levels: no morbidity, one morbidity and multimorbidity. Variables with a p value of <0.1 in univariate analysis were retained in the final multivariable model. P values <0.05 were considered to be statistically significant.
Exploratory factor analysis was performed by analyzing the clustering of 14 chronic diseases in order to derive multimorbidity patterns [33] . Minimum suggested thresholds of chronic disease prevalence for entering into exploratory factor analysis have ranged from 1-5% [23] and we considered 5% in our analysis. Sampling adequacy and inter-correlation of variables were checked using Bartlett's test of sphericity and Kaiser-Meyer-Olkin's measure. We used a tetrachoric correlation matrix which is an appropriate method for factor analysis of dichotomous data. The number of factors was determined based on the Kaiser criterion (eigenvalues >1) and scree plots. For easy interpretation of the factors, oblique rotation (Oblimin) was performed [34] . Morbidities with absolute factor loadings >0.3 were designated as a significant contributor to the derived morbidity pattern.
Results
A total of 4,859 people aged 60 years and older participated in the study. Forty six percent were aged 70 and above (mean age and standard deviation 70 ± 8.2 years) and the age range was 60 to 106 years. Sixty two percent were female (male to female ratio 1:1.6) and 41.7% were divorced, separated or widowed. Only 12.5% of the older people lived in an extended family (three generation family plus first-degree relatives), 42.3% lived in a three-generation family and 45.2% lived in a nuclear two-generation family. Sixty eight percent had middle school or lower education and 65.1% were financially dependent on other family members. Twenty six percent lived in households having less than Kyats 100,000 family income per month (<3US$ per day) and 5.0% lived in a family with less than Kyats 35,000 per month (<1US$ per day). Regarding personal habits, 24.3% were current smokers, 4.7% were current drinkers and 33.7% were current betel chewers. Urban dwellers tended to have higher education and higher family income compared to their rural counterparts. In contrast, more older people in rural areas owned family businesses (33.2%) and were current smokers (29.8%) than those in urban areas (20.5% and 18.9%, respectively). All other characteristics were similar in urban and rural areas (Table 1) .
Regarding general health status, 27.9% rated their general health status as poor: 26.1% in urban areas and 29.8% in rural areas. More participants in both urban and rural areas rated their hearing as good than rated their eyesight as good. The majority (92.8% in urban and 91.3% in rural areas) were able to do daily activities by themselves and 36.1%were involved in community activities. Almost all respondents (95.8% in urban and 97.1% in rural areas) had a good relationship with their family. Concerning life satisfaction, 78.1% in urban and 75.3% in rural areas reported that they were satisfied with their lives (Table 2) . More than half of the participants [57.9% (95% CI 56.5-59.3%)] answered that they suffered from at least one chronic disease in the last year, 58.9% (95% CI 56.9-60.8%) in urban areas and 57.0% (95% CI 55.0-58.9%) in rural areas (Table 3 ). The prevalence of multimorbidity (two or more conditions) was 33.2% (95% CI 31.9-34.5%), increasing with age from 29.8% (95% CI 27.5-32.2%) in those 60-64 years to 38.1% (95% CI 34.5-41.7%) in those aged 75-79 years (Fig  1) . The most common chronic conditions were high blood pressure (67.5%), arthritis (24.8%), arrhythmias (14.8%), coronary heart disease (13.8%), diabetes (13.8%) and cataract (13.0%). Among those who had chronic disease, 61.7% took western medicines regularly. The most common places for seeking care when unwell were general practitioner's clinics (55.3%) in urban areas and Rural Health Centers (51.7%) in rural areas. Doctors (60.2%) followed by Health Assistants (21.9%) were the most commonly used health care providers. Most urban dwellers saw the doctors (79.8%) and an equal proportion of rural residences saw doctors (40.3%) and Health Assistants (39.2%). Only 1.6% reported being treated by untrained or uncredentialed medical personnel. The majority (96.8%) of the older people in our study reported that they had someone to look after them whenever they were sick, with 66.6% saying their children looked after them and 21.1% saying their spouse, with a similar pattern in both urban and rural areas (Table 3) . The exploratory factor analysis revealed five morbidity patterns which explained 47% of total variance. The five factors can be interpreted as "cardiovascular diseases" for factor 1, "stroke and psychological problems" for factor 2, "metabolic and respiratory disorders" for factor 3, "musculoskeletal disorders" for factor 4 and "ocular problems" for factor 5 (see Table 4 ). Table 5 shows the results of multinomial logistic regression models to identify factors associated with a single chronic condition and with multimorbidity. Older people who lived in rural area had lower occurrence of multimorbidity than older people in urban areas [adjusted Prevalence Ratio (aPR = 0.78, 95% CI 0.62-0.98)]. The prevalence of multimorbidity was also lower in those with less than middle school education compared to those with a diploma or degree (aPR = 0.50, 95% CI 0.25-0.99). The prevalence was higher in females than males for both a single chronic condition (aPR = 1.46, 95% CI 1.16-1.85) and for multimorbidity (aPR = 2.14, 95% CI 1.63-2.82). As expected, multimorbidity was significantly more common in those with poor (aPR = 3.93, 95% CI 2.79-5.52) and fair self-rated health (aPR = 2.20, 95% CI 1.59-3.04) than in those with good self-rated health. Ex-smokers, but not current smokers, had higher prevalence of a single chronic condition than non-smokers (aPR = 1.59, 95% CI 1.02-2.46), and ex-drinkers had higher prevalence of multimorbidity than non-drinkers (aPR = 1.59, 95% CI 0.95-2.67) ( Table 5 ). (S1 Table shows the prevalence, with 95% CIs, of no morbidity, one morbidity and multimorbidity according to characteristics of study participants.)
Discussion
Among older people in our study in Myanmar, 60% had at least one morbidity and 33% had multimorbidity. Older people living in rural areas and those with less education were less likely to report multimorbidity. Older women and those with worse self-reported health status were more likely to have multimorbidity. Older people living in rural areas had less access to health care than those living in urban areas, which may partly explain their lower levels of multimorbidity, as their chronic conditions may have gone undetected. Similar prevalence of multimorbidity has been found in studies of older people in other LMICs, including India (31% in one study and 45% in another) [8, 9] , Indonesia (36%) [13] , and in the WHO SAGE Study in Ghana (48%), China (45%), and India (58%) [15] . A higher prevalence of multimorbidity was found in older people in other SAGE countries (63% in South Africa, 64% in Mexico, and 72% in Russia) and in European countries (68% in Finland, 69% in Poland and 69% in Spain) [11] . Much lower prevalence of multimorbidity was found in a study of older people in rural Vietnam (13%) [12] . A survey of people aged 18 and above in four Greater Mekong countries found a very high prevalence of multimorbidity of 73% [16] , as did a study of older people living in rural China, where 90%had multimorbidity [14] . The probable explanation for the high prevalence of multimorbidity in these two studies is that they were conducted in health care settings-primary health care facilities in the Greater Mekong countries and hospitals in China.
Similarly high multimorbidity prevalences have been reported in high-income countries: 44% of Dutch and 37% of Spanish people aged 15 and above [24] , 37% of British people aged 16-85 [35] , 52% of Australians aged 40 and above [36] , and 25% of Swiss and 51% of Hungarians aged 50 and above [37] . Overall, the prevalence of multimorbidity across sixteen European countries was reported to be 37% [37] . However, a higher prevalence was found in another study in Spain, with 67% of older people aged 65 having multimorbidity [38] .
Variations in prevalence of multimorbidity might be due to different age compositions of study populations. For example, older people aged 60 and older were included in our study, while other studies have used lower age cu-points, including 50 years and older in SAGE and 18 years and older in the Greater Mekong study. Other methodological reasons for variations in multimorbidity prevalence across studies include differences in ascertainment of medical conditions (questionnaires, clinical examination or laboratory investigation) and differences in access to health care. There is no standard way of measuring multimorbidity. A review of multimorbidity indices found that the number of diseases included in multimorbidity indices ranged from 4 to 102, with a median of 14 chronic conditions [39] . In our study the most common morbidities were high blood pressure, arthritis, arrhythmias, coronary heart disease, diabetes and cataract. This is similar to the global pattern [11] , and also similar to the nearby countries of Bangladesh, China, India, Indonesia and Vietnam, as well as other LMICs such as Brazil, Ghana, Mexico, Russia and South Africa, where the most common conditions are hypertension [8, [11] [12] [13] [14] 19] , cardiovascular disease, hypercholesterolemia [7, [12] [13] [14] 19] , arthritis, gout, musculoskeletal problem [11-13, 19, 22] , diabetes mellitus, respiratory disorders, ocular problems and sleeping problems [7, 8, 22] .
Regarding multimorbidity patterns, "cardiovascular diseases", "stroke and psychological problem", "metabolic and respiratory disorders", "musculoskeletal disorders", and "ocular problems" were the most common clusters of chronic conditions in our study in Myanmar. Globally, the three common clusters of multimorbidity are "cardio-respiratory", including angina, asthma, and chronic obstructive pulmonary disease, "metabolic diseases", including diabetes, obesity, and hypertension, and "mental-articular disorders", including arthritis and depression [11] . A review of two European countries found that cardiovascular and metabolic disorders, mental health problems and musculoskeletal diseases were the three most common clusters of morbidities [23] . A study in Brazil reported that cardio-metabolic, musculoskeletalmental and respiratory disorders were the most common clusters of morbidities [19] .
Our study found that older people who lived in rural areas had lower prevalence of multimorbidity. This could be due to under-diagnosis of chronic conditions because of limited access to health care. A study from India also reported that older persons in rural areas had lower prevalence of multimorbidity [9] . In contrast, significantly higher prevalence of multimorbidity was present in older rural populations in China, Ghana, and South Africa [11] .
Older women in our study had higher prevalence of multimorbidity than men. This finding is comparable with most previous studies [8, [11] [12] [13] . In contrast, the Greater Mekong study found higher prevalence of multimorbidity in men, perhaps due to the younger age (age 18 and over) of its study population [16] . Older women in our study were more likely to be widowed or separated or divorced and unemployed than older men and this may have contributed to their poorer health status. Previous studies in the Greater Mekong countries and the six LMICs in the SAGE study found that being separated or divorced or widowed was related to multiple chronic conditions [11, 16] . We also found that older people with low education had lower prevalence of multimorbidity. This is the opposite to what has been found in previous studies in four Greater Mekong countries [16] , in WHO SAGE countries (India, Russia and South Africa) and some European countries (Finland, Poland, Spain) [11] and in Brazil [19] . The education finding in our study might be explained by the fact that Myanmar is economically less developed than most other countries where multimorbidity has been studied. Less educated people in Myanmar may still be living a traditional lifestyle that protects against chronic disease.
Most people in our study received their health care from a government clinic. This is similar to Bangladesh, where a study found that most older people visited government hospitals and community clinics when they were unwell [22] . Similarly, in all six SAGE countries, most older people went to out-patient clinics and saw a doctor for their illnesses [15] . The usual health care providers in our study were medical doctors and Health Assistants but a small proportion were treated by untrained or uncredentialed medical personnel. The same pattern of health service utilization was found in a previous study in Myanmar [31] . Although older people in Myanmar usually seek medical care from trained health care providers, the use of untrained or uncredentialed medical personnel remains unacceptably high.
As in a previous study in Myanmar [28] , we found that older people usually live in lowincome households and depend on their family, which can lead to poor access to health care because out-of-pocket expenditure represents 81% of total health expenditure in Myanmar [20, 40] . Our study found that older rural residents had limited access to health care, with only 18% of older people in rural areas going to a clinic and only 40% seeing a doctor at all in the past year, compared to 55% of urban dwellers going to a clinic and 80% seeing a doctor.
In Myanmar, children and/or relatives looking after older people play a major role in aged care [2, 25] but this traditional care pattern is now being challenged by demographic transition [2, 26] . Informal care in developing countries for older people is provided in a setting of multigenerational households, unlike in richer countries where nearly all older people live separately from their adult children. The demographic transition, and associated modernization, will lead to a decline in the number of multigenerational households and a decline in the intensity of informal care that can be provided by families. The majority of the older people in our study were looked after by their children, spouse and relatives whenever they were ill, similar to previous reports from Myanmar [26, 41] . These findings indicate that the traditional norms and values in relation to older people are still intact in Myanmar society. In the future, however, a decreasing fertility rate and migration of young adults are likely to decrease the availability of support from family members, resulting in the need for alternative approaches to care [2, 28] .
A strength of our study is that we conducted a large population-based study using random sampling methods with a very high participation rate. By design, we included an equal proportion of urban and rural older people making findings generalizable to both urban and rural population. However, our study also has several limitations. We collected all data by questionnaire and so we relied on accurate reporting by study subjects. Data were collected by a large number of 4 th year medical students and so inter-observer variation is likely; however, all interviewers were trained in order to reduce this variation as much as possible. Our study findings may not be generalizable to older people living in social unstable areas, hard to reach areas and the large cities of Yangon and Mandalay. Another possible limitation of our study is that under-reporting of diseases might be a problem in LMICs like Myanmar with limited access to health care [11] , leading to underestimation of the magnitude of the problem of chronic disease and multimorbidity.
Implication for further research, health policy and services
Our study provides information that can be used to develop policies and plans for health care services to address the complex health needs of older people in Myanmar. To overcome the problem of underdiagnosis and, hence, under-reporting of chronic disease, future surveys should include objective measures such as blood pressure, blood sugar and serum cholesterol levels. More research is needed to provide evidence for deciding on the best package of interventions for older people in Myanmar, including screening programs, volunteer home-based care programs, programs targeting people in rural areas and long-term care for those who live alone. The government should also develop strategies to facilitate community programs to increase older people's participation in social activities; income generation for older people who are able to work; and promotion of the traditional approach to caring for older people.
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